Perzistentni, bioakumulativni i toksični spojevi u zemljama srednje i istočne Europe - kritična mjesta by Ivan Holoubek et al.





EUROPE – HOT SPOTS 
Ivan HOLOUBEK, Anton KO^AN, Irena
HOLOUBKOVA, Klara HILSCHEROVA,





The sources and environmental levels of the
PBTs in the countries of Central and Eastern
Europe are broadly described. Most of the
countries in the region produce and/or formulate
pesticides. The pesticide registration is a primary
requirement for import, production and
distribution. The special attention must be given
to unwanted pesticides. The problem of unwanted
and expired pesticides pose the greatest danger
to the natural environment and people which is
brought about by the use of chemicals in
agriculture in CEE countries. Countries still have
not solve the problem of safety storage for PBTs
and other chemicals classified as poisons and
they have no special sites or facilities for
destruction of these chemicals. This region has
very specific problems of environmental pollution,
which are the results of the recent wars.
Destruction of industrial facilities and spilling of
chemicals have the worst effect for the
environment (Bosnia and Herzegovina, Croatia,
Serbia and Montenegro).
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Organic substances that are persistent, bioaccumulative, and posses toxic charac-
teristics likely to cause adverse human health or environmental effects are called PBTs
(persistent, bioaccumulative, and toxic substances). In this context, »substance« means
a single chemical species, or a number of chemical species, which form a specific
group by virtue of (a) having similar properties and being emitted together into the
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environment or (b) forming a mixture normally marketed as a single product. Depend-
ing on their mobility in the environment, PBTs could be of local, regional or global
concern (1).
A subclass of PBTs called POPs (persistent organic pollutants) is a group of
compounds which are prone to long-range atmospheric transport and deposition (1,
2). The global extent of POP pollution became apparent with their detection in areas
such as the Arctic, where they have never been used or produced, at levels posing
risks to both wildlife (3) and humans (4).
The UN-ECE initiative, which started within the UN-ECE region (comprising East-
ern and Western Europe, Canada, and the USA) in 1992, prepared the Protocol on
POPs (2). The Protocol includes 16 POPs and its main objective is to control, reduce,
or eliminate discharges, emissions, and losses of POPs. Beside the UN-ECE initiative,
a similar programme of the United Nations Environment Programme (UNEP) started
in the co-operation with the International Forum for Chemical Safety (IFCS) (5) which
included 12 POPs.
The expert groups of both international bodies call for new data on exposure and
fate assessment. Especially for data which are available for a particular region, as they
should be used in the assessment process. International experts strongly recommend
to study the fate and distribution of selected chemicals in different regions using
compartment mass balance models which must be verified by the real measured
data. The most serious data gap for the prediction of environmental behaviour are
degradation rates and their regional variability based on specific transport conditions.
More data need to be collected in this area. The main topic of further research are the
deposition/emission processes, transformation processes, and bioavailability of POPs
and PBTs in terrestrial ecosystems (1).
PBT COMPOUNDS
The sources and environmental levels of PBTs in the countries of Central and Eastern
Europe have broadly been described by Holoubek and co-workers (6). The first com-
plex description of the state of environmental pollution with PBT types of compounds
in Central and Eastern European countries (CEECs) was prepared by Heinisch and
co-workers (7). Heinisch and his co-workers continued that investigation and pub-
lished many other reports such as the three-volume comparison study of the situation
in Germany, mainly in Bavaria, and the new countries including the Czech Republic
(8–10).
This region has very specific problems of environmental pollution, which are the
results of the recent wars. The destruction of industrial facilities and spilling of chem-
icals have had the worst effect for the environment in Bosnia and Herzegovina, Croat-
ia, Serbia, and Montenegro. Furthermore, the bizarre usage of transformer oil as a
diesel fuel and anti-lice shampoo containing lindane against pests in gardens seems
to have been inevitable (11). Beside the above mentioned sources of contamination
in Bosnia and Herzegovina, a specific problem was the so-called pharmaceutical waste.
During the war, huge amounts of drugs were received by those countries as humani-
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tarian aid. Part of those drugs had already expired when they arrived, while others
were not used for various reasons. The total waste drugs according to the WHO
estimation are 800 t. The major part is still not adequately treated in Bosnia and
Herzegovina. Disposal such as through incineration and legal and illegal dumps can
be the source of environmental contamination, including the one by PBT compounds.
Most countries in the region produce and/or formulate pesticides. Pesticide reg-
istration is a primary requirement for import, production, and distribution. During the
period of centralised economy in this region, the import was monopolised by relevant
state bodies. By the end of the 80s, many private companies and minor distributors
were involved in import and distribution of pesticides.
Special attention must be given to unwanted pesticides. Unwanted and expired
pesticides pose the greatest danger to the environment and people. Many countries still
have not solved the problem of safe storage for pesticides and other chemicals classi-
fied as poisons and they have no information concerning the quantity of pesticide and
chemical (e.g. PCBs) waste. Many CEE countries have no special sites for dangerous
materials or incinerators in which these types of chemicals could be safely burnt.
The potential risk is linked with storage of unused PBT pesticides. In this respect,
Poland has evidenced the storage over 10,000 t of unused pesticides (mixture of
different pesticides including different PBT compounds). The situation is probably very
similar in many other CEE countries. These were identified as possible hot spots in
the region.
Polycyclic aromatic hydrocarbons (PAHs)
The main sources of polycyclic aromatic hydrocarbons (PAHs) in the region are ther-
mal plants and district heating, waste incineration, road traffic and some industrial
technologies (e. g. high-temperature coal carbonation, catalytic cracking of crude oil,
and aluminium production).
A limited amount of non-carcinogenic PAHs (naphthalene, anthracene, phenan-
threne, pyrene, and carbazole) is produced industrially in pure form (DEZA Vala{ské
Mezirí~í, Czech Republic). They usually serve as the material for synthesis of dyes,
pesticides, and pharmaceuticals (12).
The major sources of PAHs in the Czech Republic (CR) are PAH production and
their use as intermediates, production of carbon black, metallurgy, production and
use of coke, asphalt, and coal tars, catalytic cracking, heat coal conversion processes,
waste waters, landfills, combustion of wastes and fossil fuels, cement production in
dry or wet process kilns, petroleum refineries, crematoria, forest fires, and smoking.
The situation in other CEE countries is very similar. The annual emissions of PAHs in
the former Czechoslovakia were estimated to about 215 t (13) or 378 t (14).
One of the major PAH sources in the Czech Republic are coal-fired stations
burning mainly the lower quality brown coal. The coal used in the Czech Republic has
in some cases low heat capacity, high content of water and ash, and the sulphur
content that can be over 2% (brown coal from northwest Bohemia). The estimated
average emission factor of ?SPAHs in Czech power plants (45 µg/kg with the range
25–60 µg/kg) is practically identical with the value of 42 µg/kg found in the UK (15).
The annual emission of 1,381 kg (765–1,842 kg/year) represents approximately one
third of the amount emitted in the UK.
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Among different kinds of coal, sorted brown coal with the average heating capac-
ity of 18 MJ/kg, is mostly used in heating of Czech residential buildings. Sorted black
coal, coke, and brown or black coal briquettes are combusted less often. The estimat-
ed emission factor of S?PAHs of 2–50 mg/kg for residential heating with brown coal
is comparable with the value of 56.4 mg/kg (15) and the range of 1.8–30 mg/kg
reported in the UK (IEA, 1993) and with the range of 3–70 mg/kg found in the
Netherlands (16).
The estimated emission of PAHs from residential heating is about 560 t/year.
Assuming that the emission caused by residential heating accounts for about 80% of
the annual PAH emissions, the estimation for the Czech Republic would be approxi-
mately 700 t/year. This value corresponds to the sum of individual major increments
(annual emissions from coal-fired stations, residential heating, PAHs and carbon pro-
duction, and coke production) which is approximately 735 t/year.
Hungary showed a decreasing trend in total annual PAH emissions from 137.1 kt
in 1980 to 61.7 kt in 1996. The crucial point was the shutting down of coke produc-
tion in 1993 (17).
Organochlorine pesticides (OCPs)
Most countries in the region produce and/or formulate pesticides (18, 19). Many country
lack the required experience, and a large part of the farming population has insuffi-
cient education and training in protection of plants (20).
Pesticide concentrations in the Danube and its tributaries show significant differ-
ences between the Danube basin countries in the number and types of detected
pesticides (18). The cumulative number of analysed pesticides was 76, but the resi-
dues were found of only 36 pesticides. The most frequently detected are organochlo-
rine compounds and triazines. DDT and metabolites, HCH and isomers, and atrazine
and metabolites were found in more than 50% of all samples.
Special attention must be given to unwanted pesticides. Unwanted and expired
pesticides pose the greatest danger to the natural environment and people. The amount
of unwanted pesticides in Poland is estimated to 60,000 t – about 10,000 t in tombs,
another 25,000 t in storehouses, and about 25,000 t at private farms (21). The inven-
tory of banned organochlorine pesticides in stocks in Bulgaria in 1996 showed about
35 t, which is a relatively high quantity for the small territory such as Bulgaria (20).
The potential risk is linked with the storage of unused PBT pesticides. In this
respect, Poland has evidenced the storage of more than 10,000 t of unused pesticides
(a mixture of different pesticides including other PBT compounds). The situation is
probably very similar in many other CEE countries (22). These were identified as
possible hot spots in the region.
In some countries of the region (such as Bulgaria) it was recognised that concen-
trations of PBT pesticides decreased in environment to such levels that no further
systematic monitoring is needed (20). That is not true for Albania (23) or Romania
(18, 19, 24) where relatively high concentrations are still measured in water and sed-
iments (DDT and other chlorinated pesticides). In the Slovak Republic, the measured
data have shown high exposure to hexachlorobenzene (HCB) from an unknown source,
which resulted critically high concentrations of that compound in human tissue (22,
25–27).
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Many pesticides from the UN-ECE list of POPs have never been used in many
countries from the region (aldrin, chlordane, mirex, heptachlor, and toxaphen). These
were banned or restricted in several countries of the region, as well as in some other
countries in the world. Hungary was among the first in the world to ban or severely
restrict chlorinated pesticides, that is, as early as 1966 (22).
DDT is no longer used in many countries, including the CEE countries. It was
banned in the Czech part of the former Czechoslovakia in 1974 and in the Slovak part
in 1976. However, it is still used in some African, Asian, and South American states
as a cheap and efficient insecticide. Some countries in the region have inventories of
use and import of pesticides. For example, in 1997 Croatia imported more than 503
t of pesticides containing PBTs as active substances (22). Estonia was one of the first
countries in the Baltics to ban chlorinated pesticides (in 1968) (28). In 1957, 226 tons
of pesticides, mainly DDT and lindane were used in Estonia. As pests do not repro-
duce in cold climates as much as in warm climates, the usage of pesticides in Estonia
did not exceed 0.7–1.0 kg per ha in mid 60s (among them, 0.03—0.06 kg per ha
were chlorinated pesticides).
The distribution of DDT, DDE, DDD, DDMU, HCH isomers as well as the PCB
congeners in aquatic and terrestrial ecosystems suggest input (i.e. the perpetrator) as
well as date of the process. Heinisch and Kettrup (29) demonstrated it on the distri-
bution pattern of DDT metabolites after their massive application in forests of the
German Democratic Republic (GDR) in 1983/4 and compared it with earlier applica-
tions and with the distribution pattern of HCH isomers in the surroundings of factories
or as consequences of lindane applications.
The situation in the former GDR is not discussed in this report, but that applica-
tion influenced the contamination levels in the former Czechoslovakia and the de-
scribed approaches serve as a very useful tool to interpret the history and the state of
contamination. The comparison of the levels of contamination was published in the
Report of IOC GSF, Neuherberg, Germany (8–10).
More than 20 years after the severe restrictions of DDT worldwide, increased
contamination levels can still be found in different matrices. A simple substance dis-
tribution pattern of the DDT parent substance and metabolites is able to suggest the
source. We will describe two examples.
In 1983/4, 260,000 ha of forests of the former GDR were treated with high
amounts of DDT/lindane preparations using aircrafts to combat the black-arched moth
(Lymanthria monacha). Before that, in 1975, a gradual ban of DDT was passed,
which mainly worked well. The levels of SDDTs and the percentage of the parent
substance DDT usually decreased after their banning. The decrease in the former
GDR from 1976 to 1982 had one simple reason – until 1992 no new DDT was
imported into the region.
In 1984 and 1985 not only the DDTs concentrations increased in many ob-
served matrices and commodities, but also the percentage of the parent substance
DDT. This suggested a new DDT input in the region from 1983. The impact was
detectable not only in the region where it was used, but also throughout the former
GDR and former Czechoslovakia, and now 15 years later in the Czech Republic.
For example the DDT levels in the herring matrix from waters around the Isle of
Rügen were elevated and in 1986, the observed value of DDT in herrings reached the
maximum as a result of transport up to the Baltic Sea with a time-lag effect. After a
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sharp decrease in SDDT contamination values and in the percentage of the parent
substance DDT between 1971  and 1985, there was a sharp increase in 1986, espe-
cially in the percentage of the parent substance DDT.
In the south-east GDR – the district of Chemnitz (the former Karl-Marx-Stadt)
received about 10% of DDT/lindane preparations used for combating Lymanthria
monacha in 1982–1985 – there was apparently a drift leading to »co-treatments« of
the North-Bavarian border areas. In 1983 and 1984, the used amounts of DDTs were
120 and 480 t, respectively. Using the analysis of kidney fat of deer and red deer in
1985, Hecht found clear gradual loads of SDDTs from the north to the south in 1996
(7).
Other border-crossing co-treatments have been registered in the former Czech-
oslovakia. Table 1 describes higher levels SDDT residues with high percentages of
DDT in soil samples from the boundary mountain Kru{né hory (Erzgebirge Moun-
Table 1 ΣDDTs and percentages of the parent substance DDT in soil samples from
the Czech Republic (ng/g). Sampling took place in 1995 (6, 44)
Sampling site DDT DDE DDD ΣDDTs % DDT in ΣDDTs* References
Mumlava, Krkono{e, 1 190 m 33 8 n/a 0,041 80 (44)
Pudlava, Krkono{e, 1 140 m 179 70 n/a 0,249 72
Pašerácký chodní~ek, 1 310 m 99 36 n/a 0,135 73
Jedlová, Lu`ické hory, 710 m 302 84 n/a 0,386 78
Lesná, Krušné hory, 800 m 2,390 795 n/a 3,185 75
Na~etín, Krušné hory, 710 m 4,013 1,164 n/a 5,177 78
Ústí nad Labem (M) 1,133 1 1 1,135 100 (6)
Teplice (M) 1,207 146 256 1,609 75 (89)
Karlovy Vary 398 122 36 0,556 72 (77)
Sokolov (M) 522 209 40 0,771 68 (71)
Cheb (M) 264 167 25 0,456 58 (61)
Kladno (M) 63 53 7 0,123 51 (54)
Praha (M) 1,044 1,054 1 2,099 49 (50)
Mníšek pod Brdy (M) 651 245 4 0,900 72 (73)
Píbram (M) 28 31 1 0,060 47 (47)
Boubín, Šumava, 1995 11 7 n/a 0,018 61 (44)
^eský Krumlov, M, 1995 1 1 1 0,003 33 (50) (6)
Prachatice, M, 1995 1 1 1 0,003 33 (50)
Ko{etice, 1995 0.2 9 0.2 0,001.3 15
(M) – maximal value from 5–60 samples
* number without parantheses – original number of Heinisch and Kettrup (8);
in parantheses – ΣDDTs=DDT+DDE, same values for all samples from various authors (6, 8, 44)
tains), Krkono{e Mountains, Lu‘ické hory and in the north-east Bohemian cities of
Ústí nad Labem, Teplice, and Karlovy Vary. These levels decreased from the former
GDR towards the inner parts of the Czech Republic (Prague, Kladno, Príbram, South
Bohemia, and the south border [umava Mountains). The trend is evident in the levels
of SDDTs, and mainly the percentages of the parent substance markedly decrease,
which means the SDDT residues were of older origin. Especially low were the SDDT
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residues and the percentage of the parent substance in the south of the Czech Repub-
lic, in [umava Mountains, in the towns of ̂ esk Krumlov, Prachatice, and in the area
of TOCOEN/CHMI regional background observatory Ko{etice.
The total amount of the technical DDTs used in Poland from 1974 to 1980 was
48,152 t and the annual rate was up to 3,881 t. HCB was imported and used in
Poland as fungicide and the application rates were relatively small (the total import
was 187.6 t between 1962 and 1972) (29).
The soil contamination by hexachlorocyclohexane and consequently the HCH
cumulation in agricultural products were of great interest due to their long persistence
in our ecosystem (30). In the Slovak Republic, hexachlorocyclohexane was synthe-
sised in the former CHZJD factory in Bratislava. During the years 1956–1966 the
factory produced more than 13,000 t of g-HCH. Some additional raw HCH was
imported from the former Yugoslavia. After isolation of the gamma isomer, it was
formulated into different pesticides in same factory. The produced pesticides were
partly intended for domestic use. A very rough estimate of the annual consumption of
lindane-containing pesticides in the Slovak Republic was about 1 t/year. That amount
gradually decreased. Lindane-based formulations also dropped. For instance, the List
of Permitted Pesticides for 1972 quoted 11 pesticides on the basis of lindane. Those
were insecticides for the most important crops (potatoes, beet roots, rapeseeds, and
hops), staining agents for treating seeds of cereals, maize, legumes, sugar beet, cu-
cumber, cotton, hemp, rapeseed, water melon, soil desinsectants for growing beet
roots, sugar beet, cereals, maize, tobacco, hops, young fruit, trees and vines, and
fumigant.
The application of all these pesticides was possible only with some restrictive
precautions. The wide and systematic utilisation of lindane containing insecticides was
banned in 1974. The year 1992 was the last to see permitted use of lindane seed
treating agents, such as formulations Lindane WP 80 for rapeseed and Lindane 50/35
WP for flax and hemp seeds. The List of Permitted Pesticides for 1993 included a new
lindane-containing pesticide Emdenit, intended for controlling pine insects, but only
for two years.
HCB had been used worldwide as a fungicide for agricultural purposes since
1915. That compound was also registered in Poland and sold as a fungicide under
the trade name »Snieciotox«. Around 1980 HCB became unpopular and finally was
withdrawn from agriculture in Poland (31).
Pentachlorobenzene (PeCBz) is a substrate used for the synthesis of the fungicide
pentachloronitrobenzene (PeCNBz) and, apart from this application, it has not found
any other special application. Pentachlorobenzene, like HCB, is a technical impurity in
some chemical formulations (up to 0.06% in technical formulation of HCB, and was
also found in technical formulation of PCNBz). Another source of environmental pol-
lution with HCB and PCBz are high temperature processes such as municipal solid
waste incineration. All theoretically possible congeners of chlorobenzene were identi-
fied in flue gas and fly ash from the municipal solid waste incinerators, and the
contribution of PCBz and HCB was up to ~50% and ~13%, respectively. Hexachlo-
robenzene is highly persistent under environmental conditions. Nevertheless, depend-
ing on the environmental matrix, HCB slowly undergoes abiotic (photochemical) and
biotic degradation (it is mainly metabolised by bacteria and lower fungi in soil and
sediments as well as by man and animals). Pentachlorobenzene is an intermediate
product of metabolism of HCB and lindane (g-HCH).
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Polychlorinated biphenyls (PCBs)
In the former Czechoslovakia, PCBs were manufactured in a chemical plant in eastern
Slovakia under the commercial name Delor from 1959 to 1984. From the total 21,482
t produced (and about 1,600 t of PCB wastes), 46% was exported and the rest was
intended for the home market. In both the Czech Republic and Slovakia, PCB formu-
lations may currently be used only in closed systems and they are being gradually
replaced. Currently, waste landfills are considered to be the most relevant source of
environmental pollution by PCBs in these countries. The estimated contribution of
applied paint to total PCB pollution in Slovakia is about 5% and that of industrial and
municipal waste incinerators 9%.
It was recently rather unknown that Poland had its two own technical PCB formu-
lations – Chlorofen, which is similar in appearance and composition to Aroclor 1262,
and Tarnol, which is similar to Aroclor 1254 (32).
Tarnol, also called Chlorowany bifenyl, was a low chlorinated technical PCB for-
mulation manufactured between 1971 and 1976 by the company Zaklady Azotowe in
Moscice near the city of Tarnów in south-east Poland (31, 33). The mixture is similar
in its physical appearance and properties to the well-known foreign technical PCB
mixtures such as Aroclor 1248, Clophen A 40, Phenoclor DP-4, Fenchlor 42, or
Kanechlor 400. Tarnol was the product of the »anti-import philosophy«, which was of
the government agendas in the 1970s. The total quantity of manufactured Tarnol is
679 t. Tarnol was a colourless clear liquid of density 1.45–1.47 g/ml at 20 C. The
chlorobiphenyl isomer and congener composition of Tarnol are unknown in detail.
According to the manufacturer, this mixture was composed mainly of trichlorobiphe-
nyls with di-, tetra- and pentachlorobiphenyls as minor constituents. Nevertheless, the
composition of Tarnol was not confirmed using the capillary gas chromatography and
low/high resolution mass spectrometry (HRGC-LR/HRMS) for analysis. No official data
on the use of the Tarnol were released – it seems that it was used exclusively as
dielectric fluid mainly for transformers, but its use as a dielectric in capacitors is also
likely.
Chlorofen was a highly chlorinated (63.6% Cl) PCBs formulation manufactured in
the town of Zabkowice Slaskie in the south of Poland. The mixture was a light to dark-
brown sticky and viscous resin mainly composed of PCB congeners with 5–9 chlorine
atoms that comprised 99.55% of total PCBs. The average number of Cl per biphenyl
molecule in Chlorofen is 7.3 and the average molecular weight is 405.4. Chlorofen
contains at least 59 PCB congeners with the major components such as PCBs nos.
153 of hexa-, 176, 180 and 187 of hepta-, 194, 195, 198, 201/196 of octa-, and 206
of nonachlorobiphenyls.
Industrialised countries such as the USA and Western European countries have
some legislative measures to control the flux of PCBs in the environment. One impor-
tant aspect is control of PCB sources such as transformers, capacitors, and electric
motors. The materials containing more then 50 µg/g are subject to regulations. These
regulations have been adopted by the CEE countries. In Poland, the waste oils con-
taining PCBs have been included on the list of hazardous substances since 1993, but
the flux of these pollutants has not been the subject of any regulation to the present
day (34). Recent data (35) indicate that the national power plants use about 1,400 t
of transformer and capacitor oils. However, the amount of the waste industrial oils
(transformers, capacitors, motors etc.) cannot even be estimated. An assessed per-
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centage of PCB-contaminated equipment is: transformers (0.38%), capacitors (35–
50%), and other electromagnetic equipment (25–50%). An assessed amount of PCB
contaminated oil/capacitors/other electromagnetic equipment is up to 10,000 t (31).
The determination of PCB levels in random samples of waste motor and transformer
oil collected from different regions in Poland showed that these concentrations did
not exceed the limit value of 50 µg/g in most samples (34).
Although other countries of the region did not produce PCBs, they can still be
found in many closed systems, dumps, and environmental matrixes. For example,
Croatia imported more than 2,000 t of PCB oils from various countries in 1997 (36).
A part of PCB amounts from various countries of the region was exported to
France for destruction. Part of the PCB amount was destroyed legally and a part
probably illegally during the period of main economic changes in the early 1990s.
Unknown amounts of PCBs are still in various environmental compartments. The
recent inventory of PCBs in Slovakia (37) gave the following actual PCB equation for
this country:
PCBs (wastes from production – 1,606 t)+PCBs (products – 4,071 t)=PCBs (still
used – 960 t)+PCBs (eliminated – 368 t) + PCBs (disposed – 1,605 t) + PCBs (rest
– 2,744 t).
In Croatia, there are 405 users of 22,532 PCB capacitors and 293 users of PCB
transformers (36).
The use of PCBs in Slovenia increased after 1960, when ISKRA condenser fac-
tory was built in Semi~, Bela Krajina (about 80 km south-east from the capital Ljubl-
jana) (38). PCBs were introduced into the production process in 1962 (until 1970
Clophen A-50 and A-30 supplied by Bayer, the former Federal Republic of Germany,
and between 1970 and 1985 Pyralen 1500 supplied by Prodelec, France). The con-
sumption of PCBs by ISKRA in 1962–1985 totalled about 3,700 t with a PCB waste
rate of 8–9% in the form of waste impregnates, condensers, and so on. By 1974, 130
t of waste containing about 70 t of pure PCBs were dumped on various waste sites
within five km from the factory. After 1975 waste impregnates were collected and sent
to France for treatment (170 t), whereas smaller waste condensers were still disposed
of at local waste sites. Measurements in 1982 showed very high concentrations of
PCBs in environment (air, water, sediments) as well as in food and in animal and
human tissues (39).
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/Fs)
The main sources in the region of PCDDs/Fs, mainly by-products of chemical indus-
try, are typical for industrialised countries: production of chlorophenols and their de-
rivatives (former Czechoslovakia, USSR, GDR, Poland, probably Romania), processes
using chlorinated catalysts and solvents used such as pulp and paper production,
bleaching based on chlorine treatment, metallurgy, where metal chlorides are used,
magnesium production, metal scrap recycling, municipal, hospital, hazardous, and
industrial waste incineration; solid fossil fuel combustion (coal, wood, peat), internal-
combustion engine operation, leaded petrol use with the addition of chlorinated com-
pounds; dry distillation (dry cleaning), and fires (forest, agriculture).
Despite the two decades of worldwide interest and intensive studies of PCDDs/
Fs, there are practically no data available on these compounds in environmental
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matrices in the CEE countries. Limited information exist in the Czech Republic, Slo-
vakia, Poland, Slovenia, whereas other countries lack information altogether (40).
The knowledge of sources of environmental pollution and emission rates of PCDDs/
Fs in Poland is also described as extremely limited (41). In the past, some technical
products potentially contaminated with dioxins were used. For example, a popular
wood preservative of the Xylamit series contained technical pentachlorophenol (similar
products were also seen in the former Czechoslovakia), and Masc grzybobójcza (fun-
gicidal ointment) contained waste products of the distillation of technical chlorophe-
nols and was used for technical purposes. Technical pentachlorophenol (e.g. Antox),
and herbicides such as 2,4-D; 2,4-DP; MCPA, MCPP, and Dicamba were also used in
the past in Poland. Some efforts have been undertaken to elucidate the status of
PCDDs/Fs in some of those formulations. However, detailed composition and con-
centrations of contaminating dioxin residues remain unknown.
Polychlorinated naphthalenes (PCNs)
Virtually nothing is known about the type and quantity of PCNs potentially manufac-
tured in the CEE countries. From PCB formulations produced in the former Czecho-
slovakia and USSR, we can roughly assess a 0.0067% content of PCNs in the PCB
mixtures. In the case of the former Czechoslovakia, we can guess the potential release
into the environment of about 1.6 t of PCNs during between 1959 and 1984, and
secondary inputs a year after the ban (from disposals, combustion, incinerators, con-
taminated soils, and sediments).
1-chloronaphthalene was utilised in Xylamits, a popular wood (and other pur-
pose) preservative widely applied in the past in Poland and also containing technical
pentachlorophenol together with waste products of chlorophenol distillation and other
substances (42).
2-chloronaphthalene was produced and used as a solvent in Poland (43). It is
possible that in the chemical plant in Tarnów-Moscice in southern Poland (the man-
ufacturer of the technical PCB formulation Tarnol) some higher chlorinated naphtha-
lenes were produced on a small scale in the past (1930–1950?).
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Sa‘etak
PERZISTENTNI, BIOAKUMULATIVNI I TOKSI^NI SPOJEVI U ZEMLJAMA
SREDNJE I ISTO^NE EUROPE - KRITI^NA MJESTA
U radu su iscrpno opisani izvori i razine u okoli{u perzistentnih bioakumulativnih i toksi~nih spojeva (PBTs) u
zemljama srednje i isto~ne Europe. U ve}ini zemalja te regije proizvode se i/ili formuliraju pesticidi. Registracija
pesticida osnovni je uvjet za uvoz, proizvodnju i distribuciju. Posebna pozornost mora se posvetiti nepo‘eljnim
pesticidima. Nepo‘eljni pesticidi i oni kojima je istekao rok upotrebe najve}a su opasnost za okoli{ i ljude,
uzrokovana primjenom kemijskih sredstava u poljoprivredi u zemljama srednje i isto~ne Europe. U ve}ini zemalja jo{
nije rije{en problem sigurnosti skladi{tenja PBTs-a i ostalih kemikalija klasificiranih kao otrovi, a tako|er nema
posebnih mjesta ni ure|aja za uni{tavanje takvih kemikalija. Ova regija ima i specifi~an problem one~i{}enja
okoli{a kao posljedicu nedavnog rata. Razaranje industrijskih postrojenja i rasipanje kemikalija ima najgori u~inak
na okoli{ (Bosna i Hercegovina, Hrvatska, Srbija i Makedonija).
Klju~ne rije~i:
one~i{}enje okoli{a, organoklorovi pesticidi, PCB, perzistentni spojevi, prekograni~na one~i{}enja
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